Development of novel EST-SSR markers for

METHODS AND RESULTS
Three mature plants of R. longipedicellatum were collected from population ZWL (voucher specimen accession no. LTQ20160618; Appendix 1) and planted in a greenhouse at the Research Institute of Resources Insects, Chinese Academy of Forestry (Kunming, China). Fresh, tender leaves from the mature plant were gathered 1 y later and mixed in equal proportions for RNA extraction and transcriptome sequencing. Total RNA was extracted with Trizol (Thermo Fisher Scientific, Waltham, Massachusetts, USA) following the manufacturer's instructions. The cDNA library construction and sequencing was performed by staff at the Beijing Genome Institute (Wuhan, China) with a HiSeq 4000 (Illumina, San Diego, California, USA). Altogether, 58.30 Mbp raw reads were obtained and deposited into the National Center for Biotechnology Information (NCBI) sequence read archive (SRA) database (Bioproject ID: SRR6509877). The generated raw reads were filtered to remove reads containing adapters, ambiguous reads (N > 5%), and other low-quality reads (base quality <15% or >20%), and a total of 44.85 Mbp clean reads were obtained and assembled de novo into 94,906 contigs using Trinity software (Grabherr et al., 2011) . TGICL software (Pertea et al., 2003) was used to cluster similar contigs, which generated 74,092 nonredundant unigenes, with an average length of 938 bp. MISA software (Thiel et al., 2003) was used for SSR motif mining from all unigenes, and the minimum numbers of repeats were set as six, five, five, four, and four for di-, tri-, tetra-, penta-, and hexanucleotide motifs, respectively. Altogether, 20,304 SSR motifs were found, and 102 of them were selected with at least five tri-and tetranucleotide repeats, 10 dinucleotide repeats, or four pentaand hexanucleotide repeats for primer design in Primer3 software (Rozen and Skaletsky, 1999) , with conditions as described by Li et al. (2011) .
The EST-SSR primers were initially screened for performance with two individuals from each of the five relict R. longipedicellatum wild populations (WBL, WJL, XCW, XL, and ZWL; Appendix 1). Genomic DNA was extracted from silica-dried leaves with a modified cetyltrimethylammonium bromide (CTAB) method (Doyle and Doyle, 1987) . PCR amplifications were performed in a final 10-μL volume, containing 1 μL (10-30 ng) of template DNA, 5 μL of 0.7× Multiplex PCR Master Mix (QIAGEN, Hilden, Germany), 0.5 μL (10 pM) of each primer, and 3 μL of RNase-free water. The PCR thermal profile consisted of an initial denaturation step at 95°C for 5 min; followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 56-59°C for 30 s (Table 2) , and elongation at 72°C for 1 min; with a final elongation step at 72°C for 10 min. All PCR products were resolved by electrophoresis in 1% agarose gels to determine whether amplification was successful. Of the 102 primer pairs, 48 (47.1%) target regions were successfully amplified.
PCR fluorescent tagging was performed for further polymorphic screening. The 5′ end of each forward primer for the 48 markers was tagged with one of three fluorescent dyes (FAM, HEX, or ROX [Thermo Fisher Scientific] ; Table 2 ), and multiplex PCR amplifications were performed for the 150 individuals of R. longipedicellatum, representing all extant populations (30 for each population), using the PCR conditions described above. Allele size for the tagged PCR products was obtained using an ABI 3730 sequencer with a GeneScan 500 LIZ Size Standard (Thermo Fisher Scientific) and GeneMapper 4.1 (Thermo Fisher Scientific). Population genetic parameters, including the number of alleles per locus, expected heterozygosity, observed heterozygosity, and deviation from Hardy-Weinberg equilibrium, were analyzed with GENEPOP software (version 3.4; Raymond and Rousset, 1995) . Pairwise linkage disequilibrium in each population was tested with FSTAT software (version 2.9.3; Goudet, 1995) . The Brookfield Note: A = number of alleles per locus; B = null allele frequency averaged over all populations using the Brookfeld 1 equation (Brookfield, 1996) ; H e = expected heterozygosity; H o = observed heterozygosity; N = number of individuals analyzed. Significant deviations from Hardy-Weinberg equilibrium after sequential Bonferroni corrections: *P < 0.05, **P < 0.01, ***P < 0.001. 1 equation (Brookfield, 1996) was used to estimate the frequency of null alleles. Of the 48 candidate markers, 15 (31.3%) exhibited polymorphisms in R. longipedicellatum. Sequences containing those 15 markers were deposited in GenBank ( Table 2 ). The number of alleles per locus ranged from four to 18, with an average of 10 (Table 1) . Levels of observed and expected heterozygosity from the polymorphic loci ranged from 0.255 to 0.913 and 0.306 to 0.851, with averages of 0.526 and 0.545, respectively. Of the 15 polymorphic markers, four, five, four, six, and four in the WBL, WJL, XCW, XL, and ZWL populations of R. longipedicellatum, respectively, deviated significantly from Hardy-Weinberg equilibrium after sequential Bonferroni corrections, probably as a result of inbreeding in the remaining population (Li et al., 2018) or other evolutionary factors, and the presence of null alleles was confirmed at four loci (RL18, RL20, RL37, and RL99; Table 1 ). No significant linkage disequilibrium was observed among the markers. Furthermore, for cross-species application, the 15 newly developed, polymorphic markers were tested in 30 R. molle and 30 R. simsii individuals from Kunming Botanical Garden (Kunming, China; Appendix 1). All 15 loci were successfully amplified, and only three loci in R. simsii exhibited monomorphism (Table 3) .
CONCLUSIONS
We developed 15 highly informative EST-SSR markers for R. longipedicellatum, which can be used in population genetic diversity, genetic structure, and phylogeographic studies to facilitate development of scientific conservation measures in R. longipedicellatum. The markers may also be valuable for population and evolutionary studies of congeneric species and closely related taxa. 
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